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Abstract 
Emotion Regulation, in particular emotional suppression is a well-investigated field in 
research. Suppression provides temporary relief from undesirable thoughts and regulates 
negative emotions (Gross, 1998). A negative emotion occurs when confronted with a sudden 
threat and is accompanied with a freeze-like physiological response (Eilam et al, 2011). This 
study aims to assess whether participants experience a slower heart rate (bradycardia) from 
watching threatening pictures and whether the applied emotion regulation strategy 
suppression has an impact on heart rate. EEG theta-beta ratio has been established as a 
biomarker of attentional and affective control and may be associated with changes in 
bradycardia caused by successful suppression. The analyses revealed no significant mood 
induction but an unexpected increase in heart rate for the use of suppression. No association 
between the theta beta ratio and bradycardia could be revealed. The analyses in line with the 
assumption of less bradycardia in the suppressive condition revealed unexpected heartrate 
decrease instead of increase. The surprising results are discussed with means of according 
research that elaborate on adverse effects of emotional suppression. Suppressors experience 
and express lesser positive emotions, yet they experience greater negative emotions which 
might explain increase in heart rate. Given results provide new insights into emotion 
regulation processes. 
Keywords: theta beta ratio, EEG, bradycardia, freeze response, emotion regulation, 
suppression   
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Introduction 
Emotion regulation is a phenomenon essential for social interactions and functioning 
in society which may occur either consciously or unconsciously (Gyurak et al., 2011). The 
regulation of our emotions helps us to deal with inappropriate and distressing feelings by 
applying certain regulatory strategies. Emotion regulation is a major topic in affective 
neuroscience as it plays an important role in both the pathogenesis and the treatment of 
several psychiatric disorders such as borderline personality disorder, depression or anxiety 
disorders. Hence, it has been addressed in a number of recent psychophysiological and 
neuroimaging studies (e.g. Hajcak et al., 2010). One intensively discussed emotion regulation 
strategy is suppression (Gross, 1998). Inhibiting or suppressing behavioral responses to 
negative stimuli can help individuals to distract attention away from the emotionally salient 
aspects of a threatening or stressful event. This emotion regulation strategy has shown to 
reduce a variety of emotional responses like subjective emotional intensity or facial muscle 
activity (Urry, 2010).  Furthermore, in clinically oriented research, a number of studies attests 
to distraction’s efficacy in attenuating dysphoric mood (Nolen-Hoeksema, 2012).  
 Suppression is relatively faster but less effective on the longer term compared to other 
cognitive strategies such as reappraisal which involves altering the meaning of an emotional 
situation. Gross et al. (1998) used a process model of emotions in order to define a distinction 
between antecedent-focused and response-focused emotion regulation. Antecedent-focused 
strategies refer to the personal behavior before the emotion response tendencies have become 
fully activated and before the executed behavior and the physiological state change. 
Response-focused strategies refer to the executed behavior once the emotion is already 
elicited and after the response tendencies have already been generated (Gross, 2003). Whereas 
reappraisal is an antecedent-focused strategy, suppression is a response-focused strategy. It 
activates relatively late in the emotion-generative process, and primarily modifies the 
behavioral aspect of the emotion response tendencies (Gross, 2003).  Nevertheless, thought 
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suppression may provide temporary relief from undesirable thoughts and thus, regulates 
negative emotions (Thiruchselvam et al., 2011). Within the same study of Gross et al. (1998) 
as reported above reappraisal and suppression have been found to be effective in reducing 
emotion-expressive behavior. To test distinctions between both strategies, 120 participants 
were shown a disturbing film while their experiential, behavioral, and physiological responses 
were recorded. Participants were given instructions to think about the film in such a way that 
they would reprocess their feelings or, stated differently, to reappraise their emotions. 
Participants allocated to the suppressive condition were told to behave in such a way that an 
observer could not notice any obvious feelings. Compared to the control condition, both 
reappraisal and suppression were effective in reducing emotional-expressive behavior even 
though they may have different adaptive consequences (Gross et al., 1998). As an additional 
support of the fundamental differences between reappraisal and suppression, a neurological 
study will serve as an example. Goldin et al. (2008) conducted a study with 17 women who 
viewed 15 seconds of a neutral and negative emotion eliciting ﬁlm. The women were 
allocated to four conditions, namely attend neutral, attend negative, suppressive and 
reappraisal conditions. In each condition, emotions had to be either reappraised or suppressed. 
The measurement of emotions was conducted via emotion experience ratings (self-rating 
questionnaires) and the video taping of facial expressions. Goldin et al. had interpreted the 
differential consequences of reappraisal and suppression as arising from their differential 
temporal characteristics. Reappraisal resulted in early (0–4.5sec) prefrontal cortex (PFC) 
responses, decreased negative emotion experience, decreased amygdala and insular responses. 
Suppression produced late (10.5–15 sec) PFC responses, decreased negative emotion behavior 
and decreased experience, but increased amygdala and insular responses. These ﬁndings 
demonstrate the different efﬁcacy of reappraisal and suppression on emotional experience, 
facial behavior, and neural response. This highlights intriguing differences in the temporal 
dynamics. In regard to the current research project, not the difference between reappraisal and 
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suppression needs to be highlighted in the study by Goldin et al. (2008) per se but rather the 
effects of suppression in comparison to other emotion regulation strategies. Over the long 
term, frequent use of expressive suppression is thought to result in diminished control of 
emotions, interpersonal functioning, memory, well-being and greater depressive 
symptomatology (Gross & John, 2003). It would therefore be interesting to reveal whether 
suppressing emotions after being exposed to threat might have an impact on physiological 
measures. 
 A huge variety of emotions and behavioral reactions occur when individuals are 
exposed to frightening stimuli. For instance, an animal’s paralyzation is a defense response to 
threatening stimuli. This mechanism has been shaped by natural selection to ensure survival 
and is defined as a freeze response. Humans have a similar response when being threatened 
(Eilam et al, 2011). During a freeze response usually a reduced body motion and reduced 
heart rate (bradycardia) occurs. A variety of studies have shown that a threatening situation 
results in bradycardia as a natural response of almost all creatures including human beings. 
Laura Sagliano and colleagues (2014) conducted a study with healthy participants to find out 
whether bradycardia can be elicited by presenting colored realistic pictures of 10 threatening 
animals (spider, cockroach etc.) on a screen that were either approaching or receding the 
participant. The participants experienced increased muscle stiffness and bradycardia, 
especially in the condition of approaching threat compared to the receding stimuli. 
Researchers operationalized the freeze response as a slowing of reaction times in a semantic 
decision task (Sagliano et al, 2014). Furthermore, Hagenaars et al. (2014) showed that 
reduced body sway in response to angry faces was accompanied by bradycardia which 
correlated significantly with subjective anxiety. Hence, it is widely accepted that the bigger 
the threat, the stronger the negative affect and thus stronger bradycardia (Eilam et al., 2011). 
Bradycardia has been associated among others with experiencing emotions in regard to 
defense mechanisms or stress. However, there is still a lack of research that assesses the 
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coherence between bradycardia and emotional coping i.e. applying an emotion regulation 
strategy. Therefore, this paper assesses whether people who are exposed to threatening 
stimuli, might experience bradycardia in general. In addition, the question whether people 
experience less bradycardia when suppressing their emotions will be addressed. 
 A growing body of research is trying to reveal connections between brain waves and 
emotional behavior. Spectral analyses can reveal various conventional frequency bands 
during the resting state Electroencephalography (EEG) measurement. For instance, a 
correlation was found between different slow, fast wave measures and transient affect 
(Knyazev et al., 2005, 2006), and performance on emotional–cognitive experimental tasks 
(Schutter & van Honk, 2005). Recent publications put EEG brain waves in association with a 
variety of emotions. Schutter & van Honk (2005) suggested phylogenetically distinct 
subcortical and cortical brain systems (Maclean, 1985) that relate to delta (1–3 Hz) and beta 
(13–30 Hz) oscillations in the EEG spectrum. Meaning, there are neurological predispositions 
that suggest enhanced subcortical–cortical coupling reflects increased inter-regional cross-talk 
predicts behavioral inhibition and anxiety (Knyazev et al., 2004). Thus, EEG wave bands 
might be related to our emotions and our ability to cope with them. Furthermore, recent 
studies have reported that slow, fast wave ratios (SW/FW) are increased in case of an 
attention-deficit/hyperactivity disorder (ADHD), particularly, increased theta (slow wave 
frequency) and decreased beta (high wave frequency) activity was observed (Brennan & 
Arnsten, 2008).  
Beta brainwaves dominate our normal waking state of consciousness when attention is 
directed towards cognitive tasks and the outside world. Beta is a ‘fast’ activity, present when 
we are alert, attentive, engaged in problem solving and judging, decision making, or engaged 
in focused mental activity (Baumeister et al., 2008). On the other hand, theta brainwaves are 
present when senses are withdrawn from the external world and are focused on signals 
originating from within (Whishaw & Vanderwolf, 1973). The fact that the theta/beta ratio has 
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been detected as a predictor of ADHD (Barry, Clark & Johnstone, 2003) supports the 
assumption that attentional control and affect regulation might also be related to the theta/beta 
ratio. For instance, anxious stress is an emotion that occurs in personally demanding 
situations like exams etc. and can result in deteriorating performance. Putman et al. (2014) 
proposed a study stating that anxious stress decreases cognitive executive performance. This 
decrease is resulting from a prefrontal cortically (PFC) mediated failure of top-down 
attentional control over stress-induced automatic processing of threat-related information. As 
stated above, the ratio between resting state EEG theta/beta ratio is related to trait attentional 
control, which might moderate these effects of stress on attentional function. Amongst others, 
the goal of their study was to replicate previous findings that the theta/beta ratio is related to 
self-reported trait attentional control. After the recording of baseline frontal EEG signals, 77 
participants performed a stress induction or a control procedure. Trait attentional control as 
well as stress-induced changes in attentional control and anxiety were assessed with the 
Attentional Control Scale (Derryberry & Reed, 2002), whereas anxiety was measured with 
STAI-Trait and STAI State (Spielberger, 1983). The hypothesized moderating influence of 
theta/beta ratio on the effects of stress on state attentional control was confirmed.  
 Results have repeatedly proven a negative relationship between theta/ beta ratio and 
trait attentional control and thus should have an association to affect control. The theta/beta 
ratio possibly reflects affective control and might be a useful biomarker for our study 
measuring influence of intentional emotional suppression on heart rate. Recent research 
provides further evidence for a link between EEG and emotion regulation. Tortella-Feliu et al. 
(2014) explored frontal and parietal spontaneous EEG activity (alpha, beta band power and 
theta/beta, delta/beta ratios) in a sample of 96 healthy volunteers as a potential correlate of 
individual differences in spontaneous emotion regulation (SER). Spontaneous emotion 
regulation for its’ part includes a variety of strategies and implies automatic uninstructed 
emotion regulation to down-regulate affect when experiencing disturbing emotions or facing 
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aversive stimuli (suppression, reappraisal etc.). Participants were asked to continuously rate 
their discomfort while looking at affective pictures, as well as for the post exposure period. 
Considering only the theta/beta ratio, a lower parietal theta/beta ratio was associated with 
lower ratings of discomfort after the offset of unpleasant pictures as well as greater SER 
magnitude when facing unpleasant pictures (Tortella-Feliu et al., 2014). In sum, Tortella-
Feliu et al. (2014) suggest that lower theta beta ratio is associated with less negative emotions 
and greater ability to apply emotion regulation. This finding is in line with Putman et al. 
(2014), stated above, who suggest that attentional control has a significant relation with high 
theta/beta ratio; the higher theta/beta ratio, the lower the attentional control and thus the 
emotional control. It would therefore be interesting to reveal whether people with a lower 
theta beta ratio, thus better preconditions of attentional and affective control, are more 
successful in applying the suppression strategy. 
In this study, participants were subjected to four conditions with either neutral or 
negative pictures. In the attend negative block participants were exposed to threatening 
pictures, whereas in the attend neutral block, neutral pictures are presented. In both blocks 
participants are instructed to only look & attend to the pictures. In the suppression and 
reappraisal block participants received clear instructions of how to suppress or reappraise 
their emotions while being exposed to negative pictures. However, only the emotion 
regulation strategy suppression will be the focus in this study.  
 Hence, we aim to investigate whether an association between the emotion regulation 
strategy of suppression, bradycardia with threatening stimuli and the theta/beta ratio exists. 
We hypothesize that participants show bradycardia when they are generally exposed to 
threatening stimuli. In addition, we assume that people applying the suppressive emotion 
regulation will experience less bradycardia than participants in the attend negative condition 
who do not use emotion regulation strategies. Furthermore, we expect successful use of 
suppression, namely a higher contrast score of the average beats per minute (bpm) in the 
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attend negative condition minus the average bpm in the suppression condition, to correlate 
with resting state theta/beta ratio. By means of the three hypotheses the studies’ major goal is 
to provide new insight into certain roots of our thoughts and emotions and their effect on our 
behavior between neurological aspects and our way of dealing with emotions. 
Method 
Participants 
 The recruited participants were 48 female and 7 male Dutch students recruited at the 
Faculty of Social Sciences of Leiden University, The Netherlands, with an age range of 18 to 
29 (M = 22.24, SD = 2.84). From the original number of 55, five participants were excluded 
due to drop out between the two sessions or lost data because of noise in the EEG 
measurement. All participants had normal or corrected to normal vision, did not suffer from 
any psychopathological disorder and received either course credits or a monetary reward of 
20 € for their participation. The ethical committee of the university’s psychology department 
approved the study and all participants read and signed an informed consent form before 
starting the experiment.  
Research design 
 The research design used in this study was a within subject observational design with 
dependent variable being bradycardia and the independent variables were emotion regulation 
strategies and EEG theta/beta ratio. 
Materials and Measures 
 EEG. Scalp EEG recordings were recorded from the F3, Fz, F4, C3, Cz, C4 positions 
using the ActiveTwo BioSemi system (BioSemi, The Netherlands) during resting state. 
Reference electrodes were placed at the right and left mastoid in order to reference signals of 
the scalp. Offline data processing was done in Brain Vision Analyzer V2.02 (Brain Products 
GmbH, Germany). The 0.1-Hz high-pass filter, 100- Hz low-pass filter, and 50-Hz notch filter 
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were applied. Data was analyzed in four-second segments. The data was automatically 
corrected for ocular artifacts (Gratton et al., 1983); segments containing artifacts were 
removed. A fast Fourier transformation (with a resolution of 0.25 Hz, using a hamming 
window of 10%) was applied to calculate area power density for beta (13– 30 Hz), and theta 
(4–7 Hz) frequency bands. We were primarily interested in the average of the frontal signals 
(Putman et al., 2010). The power densities for the three frontal electrodes were averaged and 
exported into values for frontal beta and frontal theta power density (and likewise for central 
electrodes). Theta beta ratio was calculated by dividing the theta power densities by the beta 
power densities.  
 Self-reported measures. A demographic and medical questionnaire (Appendix 1) 
gained basic information about additional demographic information, health and drug use of 
participants. Furthermore, participants completed state and trait versions of the State Trait 
Anxiety Inventory (STAI; Spielberger et al., 1983) and the Attentional Control Scale (ACS; 
Derryberry &Reed, 2002).  Except the demographic and medical questionnaire, these 
questionnaires are not of interest for the current hypotheses. 
 Computerized tasks. In the Emotion Regulation task (ER) participants received four 
blocks of 20 photos each on a computer screen and further written instruction about emotion 
regulation strategies. The total of 80 pictures were selected from the International Affective 
Picture System (IAPS; Lang, Öhman & Vaitl, 1988) to induce emotions in the participant. 
The emotion regulation task endured 20 minutes in total and each picture has been presented 
for 10 seconds with an inter trial interval of 1 second. The pictures were neutral and 
threatening in content. The four randomized blocks which lasted 8 minutes each included 
''attend neutral'', ''attend negative'', ''suppression'' and ''reappraisal'' and for each condition, 
explicit instructions (Appendix 2) were provided. During the attend neutral block, neutral 
pictures were presented, whereas in the attend negative, suppression and reappraisal block, 
threatening pictures were presented. In the neutral and negative attend block, the participants 
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were instructed to just attend to the pictures. Whereas, in the suppression block, participants 
were instructed to switch off their feelings. Further, in the reappraisal block, participants were 
asked to think of a more positive explanation of what was depicted in the pictures. In this 
task, threatening pictures were mainly depicting injured humans, dead animals and war 
scenes. During this task heart rate was measured.  
 Electrocardiography (ECG). Heart rate was measured with three electrodes placed 
on both sides of the participant’s corpus and solar plexus. Biopac hardware was used to 
measure heart rate and registered in beats per minute (bpm) via Matlab. A delayed and 
sustained heart rate deceleration, which has been depicted when comparing to the general 
heart rate when not exposed to threatening stimuli, was used to define bradycardia. The 
difference heartbeats per minute averaged for each block separately between the two 
conditions suppress and attend, (contrast score) is defined as suppression success. 
Procedure 
The study was split up into two parts in order to keep participants concentrated and 
motivated not to drop out in between. The first session took 90 minutes and the second 
session approximately 60 minutes. The experiment therefore had a maximal duration of three 
hours. 
 Day I. At the start of the experiment, a medical questionnaire had to be filled out by 
the participants, to collect medical and demographic information on paper and to ensure that 
participants were healthy and not under the influence of any substances (including coffee, 
drugs and medication). This was followed by the EEG resting state measurement. The 
baseline EEG recording was 8 minutes long whereas the whole procedure lasted 
approximately 45 minutes. The participants were asked to keep their eyes open and closed 
subsequently every other minute. The participants were asked to stay still during the 
measurement. Electrodes were used to record resting-state. 
 Day II. Participants started with the Emotion Regulation task which took them 20 
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minutes. A research assistant attached the heart rate electrodes onto the participants’ upper 
body in order to collect data for measuring bradycardia. During the emotion regulation task, 
participants pictures and received instructions about which emotion regulation strategy they 
had to use while their heart rate was measured. 
Analysis 
The research design used in this study is a within subject observational design with the 
dependent variables being heart rate (in bpm) and the calculated bpm contrast scores (mean 
bpm attend negative minus mean bpm suppression, mean bpm attend negative minus mean 
bpm attend neutral).The independent variables were emotion regulation suppression (in bpm) 
and the EEG theta/beta ratio. 
The hypothesis that negative picture exposure will induce a reduction of heart rate 
(bradycardia) compared to neutral picture exposure was tested with a one-way repeated 
reasures ANOVA (RM-ANOVA) to investigate the differences between average bpm in the 
attend negative (M=1.89, SD=.06) condition versus the attend neutral condition (M=1.89, 
SD= .06). The RM-ANOVA was used to show that applying the suppressive emotional 
coping strategy will lead to less bradycardia compared to simply attending to negative 
pictures. To further specify the differences, multiple comparisons were performed using 
paired samples t-test. The mean heart rate (bpm) in the negative picture condition was 
compared to the neutral picture condition whereas the mean bpm in the negative condition 
was compared to the mean bpm in the suppressive condition. 
  For testing the hypothesis of the relation between TBR and bradycardia in the 
suppression condition, Pearson correlations were performed between the contrast score 
(average bpm in the attend negative condition minus the average bpm in the suppression 
condition) and theta beta ratio (measured in Hertz). In order to detect smallest correlations the 
EEG variables have been split by means of the position of the electrodes (frontal, central) as 
well as by means of visual stimulation (open, closed). Alpha will be set at .05. 
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Results 
Preliminary analyses. The data of five participants was excluded due to insufficient 
quality of the EEG. The 50 participants (7 males, 43 females) with an age range of 18 to 29 
(M = 22.24, SD = 2.84) were included for the analyses. Preliminary analyses revealed no 
effects due to age or gender. Independent samples t-test showed no gender differences in heart 
rate measures (bpm) in the three conditions (Attend Neutral: t = -.66, p =.19; Attend 
Negative: t = -.71 p =.46; Suppression: t = -.90 p = .68). There was also no significant 
correlation between age and the heart rate variables (bpm) (Attend Neutral: r = -.03; p = .84; 
Attend Negative: r = .04; p =.81; Suppression: r = -.022; p = .88). For the analysis the 
independence of observations was assumed. The assumption of multivariate normality was 
violated as the residual plots revealed. The Shapiro-Wilk test showed that normality was met 
for the individual heart rate measures. However, the assumption was not met for the contrast 
score variables. Neither the bpm contrast score of the negative attend and the neutral 
condition (S-W(50) = .86, p<0.0), nor the contrast score of  the attend negative and 
suppression condition (S-W(50) = .95, p<0.02) indicated a normal distribution. As a result the 
data was log10 transformed and used for further analyses.  
Table 1. Descriptives Mean (M) and Standard Deviation (SD) of age (years), heart rate 
measures (beats per minute) and EEG measures (Hertz) 
 M SD 
Age 22.24 2.84 
Attend Neutral (bpm) 1.89 .06 
Attend Negative (bpm) 1.89 .06 
Suppress (bpm) 1.88 .06 
Contrast Negative – Suppress (bpm) 1.61 .04 
Contrast Negative- Neutral (bpm) 1.59 .05 
TBROpen Closed (Hz) -.13 .18 
TBR Open (Hz) -.14 .18 
SUPPRESSIVE EMOTIONAL COPING RELATED TO EEG THETA/BETA  
14 
Note. N = 50 except for ‘TBROpenClosed’ N = 49. **p <.01. 
 
Hypotheses testing. The repeated-measures analysis of variances (RM-ANOVA) was 
performed to test whether the emotion regulation strategies were different in terms of heart 
rate existence. The Mauchly’s test indicated violation of the assumption of Sphericity (χ2(5) = 
18.99, p = .002), therefore the degrees of freedom were corrected using Greenhouse-Geisser 
estimates (ε = 0.78). Graphical inspection of the data revealed two significant outliers which 
have not been excluded due to insignificant differences in the analyses of with and without 
exclusion. The bpm of the three emotion regulation conditions (attend neutral, attend negative 
and suppression) represented the within subject factors. Within the same one-way RM-
ANOVA the hypothesis of suppression indicating higher heartrate than the attend negative 
condition was tested. The test of within subjects effects showed a significant main effect for 
emotion regulation condition (Wilks’Lambda  = .76, F(3,47) = 5.02, p = .004). This indicates 
that there is a difference in the four conditions in heart rate. The difference in means of the 
three conditions can be seen in the means plot (see Figure 1). 
The paired samples t-test indicated that participants viewing negative pictures had no 
significantly different bpm in comparison to the attend neutral condition (t(49) = - .68, p = .5), 
meaning, that participants were not more emotionally affected by the negative pictures. Thus, 
the negative pictures did induce a reduction of heart rate in the participants. The comparison 
between mean heart rate in the negative picture condition and mean heart rate in the 
suppression condition, showed that the heart rate significantly differed in the two conditions 
(t(49) = 2.17, p = .04). Considering the barplot (Figure 1) suppression indicates a significantly 
lower heart rate than attending either negative or neutral pictures.  
TBR Closed  (Hz) -.12 .19 
Central TBR Open Closed (Hz) -.13 .19 
Frontal TBR Open Closed (Hz) -.15 .23 
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Thus, heart rate in the suppressive condition is significantly decreased in comparison 
to the other conditions. Although we apply a less conservative view on the data it seems 
necessary to mention that after lowering the alpha level using Bonferroni correction to 
account for the multiple comparisons being performed, the adjusted significance level yields 
(alpha = .0167). Since three comparisons were performed (0.05/3) the significance levelwould 
lead us to find no significant differences. 
Figure 1. Means and standard error of beats per minute in Attend Neutral, Attend 
Negative and Suppression condition.  
Finally, it was hypothesized that successful use of the suppression strategy will 
correlate with theta beta ratio. The analyses showed no significant association between the 
contrast score of average bpm for suppression strategy and frontal, central and parietal TBR 
(r(50) = 0.14, p = 0.48) open and closed eyes combined neither for open (r(50) = -0.10, p = 
0.51)  and closed eyes taken separately (r(50) = -0.09, p = 0.53). Hence, when considering the 
electrode placements of frontal (r(50) = -0.18, p = 0.9) as well as central (r(50) = -0.13, p = 
0.36) TBR with open and closed eyes combined, showed no considerable association to bpm 
in the suppressive condition (see Table 2). 
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Table 2. Zero order correlations (r) of contrast scores and EEG Theta beta ratio 
showing no significant correlations 
 Contrast Score 
Negative-Suppress 
TBROpen Closed .14 
TBR Open -.10 
TBR Closed -.09 
Central TBR Open Closed -.13 
Frontal TBR Open Closed -.18 
Note. N = 50 except for ‘TBROpenClosed’ N = 49. **p <.01. 
 
 
Discussion 
The present study aimed at investigating whether an association between the emotion 
regulation strategy of suppression, bradycardia with threatening stimuli and the theta/beta 
ratio exists. At first the impact of threatening pictures on heart rate has been measured and no 
significant results could be revealed. Secondly, in contrast to our expectations the differences 
between heart rate in the attend negative condition and suppression condition indicated lower 
bpm values for suppression. Despite prior research findings, the assumption that bradycardia 
occurs when participants are exposed to threating stimuli was not supported. Furthermore, the 
association of the bpm values in the suppressive condition to the EEG theta-beta ratio could 
not be revealed.  
 In the emotion regulation literature, two regulation strategies, namely suppression and 
reappraisal, have been repeatedly differentiated on the basis of the emotion-generating system 
that is targeted (Koole, 2009). Additionally, the two strategies differentiate in the time point at 
which the emotion-generation and regulation occurs (Gross and Thompson, 2007). Che and 
colleagues (2015) support those findings on the basis of neurological aspects, namely, the 
differences of reappraisal and suppression and their temporal dynamics. Reappraisal has 
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shown early prefrontal cortical responses, decreased amygdala and insular responses, while 
suppression produced late PFC, increased amygdala and insula responses (Goldin, McRae, 
Ramel, & Gross, 2008). Accordingly, reappraisal works as an emotion-generating system by 
changing cognitions about an emotional situation before emotional response tendencies are 
fully generated (Gross, 1998). Suppression, on the other hand, targets bodily responses as an 
emotion-generating system. It diminishes the expression of response tendencies after they 
have been fully generated (Gross and Thompson, 2007; Koole, 2009). Considering these 
findings, it seems likely to reason that suppression did not have an impact in the expected 
direction on heart rate in the suppressive condition. Stated differently, the participant got 
exposed to threatening stimuli and experienced a freeze response. Suppression, however, 
worked, if at all, only after the response and might have decreased the heart rate. Findings 
reveal suppression as a cause for an decrease (stronger bradycardia) in heart rate, not an 
increase (less bradycardia) as expected and provide us another viewpoint.  
 Previous research has not only shown neurological differences in emotional regulation 
strategies but also their consequences. The consequences of an emotional regulation strategy 
might give us further insight of why the heart rate did not increase but it decreased. Gross et 
al. (1998) conducted a study to examine the consequences of these emotion regulation 
strategies in three important domains of adaptation, namely experience and expression of 
emotion, interpersonal functioning, and personal well-being. The research team assessed 
several hypotheses to gain new insights of the adaptation processes of emotion regulation 
strategies. Amongst others, one study shows that reappraisers experience and express greater 
positive emotions and less negative emotions, whereas suppressors experience and express 
lesser positive emotion, yet experience greater negative emotion. The study consisted of 145 
participants whose expressive behavior had been rated by peers as well as with self-reports. 
Findings suggest that the use of suppression in everyday life may itself lead to greater 
negative experience. In particular, people who frequently use suppression were acutely aware 
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of their lack of authenticity, experiencing incongruence between self and experience; such 
incongruence has been linked to distress and depressive symptoms (Sheldon et al., 1997). 
Thus, using suppression in everyday life may have another undesirable consequence, namely 
greater negative emotion experience (Gross & John, 2003). As a result it might be possible 
that participants in the current study experienced not only the pictures as a negative emotion 
but much more the process of suppression per se which made the heart rate decrease.  
 Another finding in line with the research project of Gross & John (2003) claims 
reappraisal as a strategy that is related positively to well-being, whereas using suppression is 
negatively related (Gross & John, 2003). More detailed, the according study consisted of 210 
participants who filled the Beck Depression Inventory (BDI; Beck, Ward, Mendelsohn, 
Mock, & Erbaugh, 1961) in order to assess depressive symptoms. They tested whether the 
habitual use of reappraisal and of suppression differ in their longer term cumulative impact on 
well-being. In general, self-experience discrepancies that characterize suppressors have been 
linked to adjustment problems (Sheldon et al., 1997). Suppressors also feel more negative 
emotions, cope less effectively, ruminate more, and have less social support. Hence, 
individuals who typically suppress reported more depressive symptoms on all three measures, 
felt less satisfied with life, had lower self-esteem, and were less optimistic. Again, 
considering the current research it seems likely that suppressing emotions is rather an 
unpleasant emotion -coping procedure on the short as well as on the long term and might have 
induced stress and consequently stronger bradycardia. 
The overall generalizability of emotion regulation should be questioned. It seems 
likely that pictures depicting death scenes might generate different emotions in for each 
individual. Therefore, the consequences and efficiency of emotion regulation may vary 
according to whether the emotion being regulated is anger, disgust, sadness, or another 
emotion. The lack of consensus as to whether each emotion calls for similar emotion-specific 
physiological (e.g. Levenson, 1992; Zajonc & Mclntosh, 1992) and behavioral (e.g., Ekman, 
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1994; Izard, 1994; Russell, 1994) response tendencies makes this issue difficult to address. 
Different emotions conceivably might present different emotion regulatory challenges. A 
second aspect of generalizability concerns the conformity of execution of the emotion 
regulation strategies. Despite given instructions, participants might have varied in the method 
of carrying out the emotion regulation strategies. By tracing accordance and distinctions 
across different emotions, participant groups, and regulatory processes, a more differentiated 
view of emotion regulation should emerge. Namely, one that avoids premature synthesis but 
reveals interconnections among apparently diverse emotions and processes (Westen, 1994). 
Those arguments are explanatory for the result of non-significant differences between the 
negative attend and the neutral attend condition, thus it seems likely that the insufficient mood 
induction might have been a preliminary obstacle. There may be several reasons why the 
observed effects of the mood induction were reduced compared to previous studies. Firstly, 
the adopted stimuli might not be suitable for our audience of Dutch students from today. 
Considering the dates of studies which have proven significant impact of IAPS-pictures, the 
global media development media might have made the audience more resilient against 
negative images. The current assessment of the same IAPS-images with an independent group 
of Dutch students yielded no effects of valence and arousal in the expected direction. Thus, 
given images might have only resulted in weak emotional feelings with our group of subjects 
which were not intense enough to yield significant results.  
 Hence, it is possible that passive viewing of images is only weakly coupled to ones’ 
emotional state. Hagenaars et al. (2014) studied the equality of effects between affective film 
viewing and passive picture viewing. They tested 50 participants who watched neutral, 
pleasant and unpleasant film fragments while standing on a stabilometric platform and 
wearing a polar band to assess bradycardia. Results revealed that active film viewing as well 
as passive picture viewing meet the criteria for eliciting bradycardia. However, films include 
the actual unfolding in time of an event and may therefore be more ecologically valid. 
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Furthermore, Sagliano et al. (2014) used a modified version of a two-frame apparent motion 
paradigm, in which participants perceived the stimuli as either approaching or receding. In 
contrast to moving stimuli, the absence of apparent motion, did not elicit a freeze response 
(Sagliano et al., 2014). A variety of studies has proven bradycardia within participants being 
exposed to threatening pictures selected from the International Affective Picture System 
(IAPS; Lang, Öhman & Vaitl, 1988). Those findings are consistent with the hypothesis that 
the perception of threat results in some degree of bodily "freezing", also known as fear 
bradycardia, or "attentive immobility". This state is characterized by heart rate deceleration 
and a committing increase in attentional processing. Azevedo et al. (2005) used, like in the 
current research, IAPS pictures and measured postural sway and heart rate. It was 
hypothesized that they would show a human analog of "freezing" behavior (i.e., immobility 
and heart rate deceleration) when confronted with a sustained block of unpleasant images. 
The volunteers, however unlike in our study, stood on a stabilometric platform during picture 
viewing. Significantly reduced body sway was recorded during the unpleasant pictures, along 
with increased mean power frequency (indexing muscle stiffness). Heart rate during 
unpleasant pictures also showed the expected greater deceleration. The current study could 
not reveal agreeing results. It is open for speculations whether the stimuli was not appropriate 
to induce corresponding emotions or whether methodological issues hindered expected 
results. Hence, the measurement methods of bradycardia should also be broadened via 
focusing also on eventual muscle stiffness and not only on heartrate. This could be done by 
methods like other research studies used like a stabilometric platform. Hence, a clear 
borderline for bradycardia should have been applied. Considering only the amount of beats 
per minute might give vague information about whether an actual freeze response occurred or 
not. As stated above individuals can experience a variety of emotion in a certain situation.  
Suggestively, individual differences in experiencing threat should, firstly, be controlled and 
secondly, included in the analysis. 
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Considering the insignificant result for mood induction, it has been stated that it would 
be interesting to reveal whether people experienced the exact same kind of emotions when 
being exposed to threatening stimuli. However not only the variability of emotions plays a 
significant role, but also the variability in vulnerability to threat. In line with the theory of the 
Big Five Personality Dimensions, neuroticism explains negative emotions like anxiety and 
(other example) and can vary from person to person (Goldberg, 1993) and may falsify results. 
 Capturing differences in bpm between the conditions and associating them to EEG 
theta-beta ratio might have given further insights to the association between the ability of 
regulating emotions and neurological markers like the theta-beta ratio. The changes in heart 
rate when being exposed to threatening pictures may represent an attentional orienting or risk 
assessment response aimed at optimizing perception, which is an automatic perceptual 
process that reflects attention to the stimulus (Mobbs et al., 2015). Taking attention as an 
additional variable might give further insight to the overall connotation between EEG theta 
beta ratio and freeze response using emotion regulation as a mediator. In contrast to the 
current findings Putman et al. (2010) supported the association between emotion regulation 
and EEG (Putman et al., 2010). The research team confirmed not only that a self-report 
measure of attentional control correlated negatively to theta beta ratio but also revealed the 
hypothesized negative relation between SF/FW and inhibited performance on an emotional 
go/no-go task. The latest depicts the correlation between theta beta ratio and the ability of 
emotion regulation which is in line with the current assumption. Unlike the study by Putman 
et al. (2010) this study could not reveal a correlation between EEG theta beta ratio and 
emotional regulation. Besides the agreeing assumptions, the method of assessment was quite 
different. Whereas this study aimed to find effects of emotion regulation via the application of 
regulation strategies, the study by Putman et al. (2010) used fear modulation of response 
inhibition in an emotional go/no-go task and with self-reported attentional control. 
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This research project aimed to assess the validity of bradycardia within participants 
who were exposed to negative stimuli. By means of the heart rate measure, effectivity of 
emotional coping should have been assessed in order to detect a valid association to EEG 
theta beta ratio. The effectiveness of emotional coping signifies a deceleration of heart rate 
since it means to calm you after being threatened by suppressing your negative feelings. The 
results of this research project revealed no impact of the negative pictures on heartrate but 
detected unexpected stronger decrease of heartrate after applying suppressive emotional 
coping. The research could not progress to finding associations between EEG theta beta ratio 
and heartrate measures. Future research should consider several aspects in order to achieve 
scientifically weighty results. One limitation comes apparent when considering the 
insufficient mood induction. In regard to the mood induction a probably more effective way 
to probe the emotion regulation system would be to induce an emotional state that is either 
more vivid or more relevant to the participants’ life. For replication of the current study it 
might be advisable to reconsider the procedure of presenting stimuli and for instance use more 
vivid images or short films. Additionally, an application of discomfort measures via self-
report or short questionnaires before, in between and after the exposure could provide an 
explanation of why mood induction was not achieved. Nevertheless, it is also important to 
consider the possibility that the constant rating of discomfort or concentration on regulating 
emotions could interfere and distract participants from fully focusing on the actual 
experienced discomfort. A more general limitation is that the study is conducted in a 
controlled environment.  Future work should consider emotion regulation in all its complexity 
outside the confines of the laboratory. Interview data (Gross, 1998) suggest that individuals 
use a rich variety of emotion regulation strategies which may vary rapidly over the course of 
an interaction and are difficult to capture in a laboratory paradigm. The current study used a 
rather small sample size with mostly females from the same university having a small age 
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range.  Thus, the sample size should be enhanced and a more heterogeneous sample would 
give more generalizable results accounting for the population.  
The current study gives an opportunity to interpret the unexpected results in a way that 
provides a base for new ideas and starting points. The question whether a direct association 
between suppressive emotional coping and EEG theta-beta ratio exits, remains and should be 
further assessed.  
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Appendix 
Appendix 1 
Medische vragenlijst 
 
 
Wij verzoeken je om zo accuraat en eerlijk mogelijk op de volgende vragen te antwoorden 
 
1. Alcohol: 
Wanneer heb je voor het laatst alcohol gedronken? 
            
________________________________________ 
Hoe veel alcohol heb je gedronken? 
  
______________________________________ 
2. Roken: 
Wanneer heb je voor het laatst een sigaret gerookt? 
  
________________________________________ 
Hoeveel sigaretten heb je gerookt? 
  
________________________________________ 
Hoeveel sigaretten rook je gemiddeld per dag? 
  
________________________________________ 
3. Koffie: 
Wanneer heb je voor het laatst een kopje koffie gedronken? 
  
________________________________________ 
Hoe veel koffie heb je gedronken? 
  
________________________________________ 
Hoeveel koffie drink je gemiddeld per dag? 
  
_______________________________________ 
4. Drugs: 
Wanneer heb je voor het laatst psychoactieve substanties gebruikt? 
 
 
 
Deelnemersnummer:________ 
 
Datum:                       Tijd:                                    Onderzoeker:  
 
 
Demografische informatie 
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1. Naam:                                                                  
 
 
2. Geslacht: man/ vrouw  
 
 
3. Geboortedatum:  
 
 
4. Nationaliteit:  
 
 
5. Wat is het hoogst educatie niveau dat je tot nu toe hebt behaald? 
 
Ø    Basis school  
Ø    VMBO  
Ø    HAVO  
Ø    VWO  
Ø    Propedeuse HBO  
Ø    HBO  
Ø    Propedeuse WO  
Ø    Bachelor WO  
Ø    Master WO  
Ø    Doctoraal WO  
Ø    Post-master WO  
Ø    Andere :  
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Appendix 2 
 
Instructions Emotion Regulation Task 
 
First instructions: 
We will now show you four blocks of photo’s.  
For each block, we would like you to view the photo’s differently. Before every block you 
will receive instructions about how to do this.  
Read the instructions carefully and try to understand what we are asking you to do. 
Attend neutral/negative: 
Look carefully at the photo’s. Explore what every photo depicts and think of the situation 
and its meaning. Especially, try to explore what thoughts and emotions come up when 
looking at the photo. Notice the physical and emotional sensations that might be evoked in 
you. Be aware what the photo does to you, mentally and physically. Try to experience the 
image, situation and emotion. 
Reappraise  
Look carefully at the photo’s and be aware of what they depict. The photo’s might evoke 
an emotional reaction because of their meaning. Try to change this meaning for every 
photo. Imagine for example that everything is more positive than depicted. Try to think of 
a possible story for the image that makes everything more positive.  We are NOT asking 
you to suppress your feelings, just try to change the meaning of what you see into a more 
positive way.  
Suppress 
Look carefully at the photo’s and be aware of what they depict. The photo’s might evoke 
an emotional reaction because of their meaning. Try to suppress these feelings. We are 
NOT asking you to think of a more positive meaning for the photos. Accept the images for 
what they are but try to switch off your feelings. Make yourself strong and untouchable. 
Try to control your emotional reactions in a way that if someone is watching you, he 
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wouldn’t see that you are having any emotions. Make yourself cold and emotionless. 
Switch off your feelings.   
 
